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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present invention relates to a fuel supply 
apparatus for a direct injection gasoline internal com- 
bustion engine. In particular the invention relates to 
techniques with a direct injection gasoline internal com- 
bustion engine having direct injection of fuel into the 
combustion chamber, for managing at start up, air and 
fuel vapor which have mixed in the fuel piping when the 
engine is stopped. 

2. Related Art of the Invention 

[0002] Heretofore there is known a fuel supply appa- 
ratus for a direct injection gasoline internal combustion 
engine, which comprises; a fuel injection valve for Inject- 
ing fuel directly into the combustion chamber, a high 
pressure fuel pump for supplying fuel to the fuel Injection 
valve, a low pressure fuel pump for supplying fuel to the 
high pressure fuel pump, a low pressure pressure reg- 
ulator for adjusting the pressure in a low pressure fuel 
system between the low pressure fuel pump and the 
high pressure fuel pump to a predetermined low pres- 
sure, and a high pressure pressure regulator for adjust- 
ing the pressure in a high pressure fuel system down- 
stream of the high pressure fuel pump to a predeter- 
mined high pressure. 

[0003] Furthemriore, with the fuel supply apparatus for 
a direct injection gasoline internal combustion engine 
constructed as described above, as a method for dis- 
charging the fuel vapor and air Inside the fuel piping to 
ensure startablllty, there is an arrangement as disclosed 
in Japanese Unexamined Patent Publication No. 
7-77119. 

[0004] With the method disclosed In the above publi- 
cation, a branch path which bypasses the high pressure 
pressure regulator Is provided for returning fuel which 
has been supplied from the high pressure fuel pump di- 
rectly to the fuel tank, and an open/close valve is dis- 
posed in the branch path so that by opening the open/ 
close valve at the time of start up, fuel in the high pres- 
sure fuel piping is discharged together with vapor. 
[0005] With the abovementioned conventional meth- 
od however, the construction is such that the pressure 
adjustment by the low pressure pressure regulator is 
normally carried out also when the fuel In the high pres- 
sure fuel system is being returned directly to the fuel 
tank. Therefore, the fuel which Is returned to the fuel 
tank from the low pressure pressure regulator of the fuel 
which is pumped from the low pressure fuel pump does 
not contribute to the expulsion of fuel in the high pres- 
sure fuel system. As a result, there Is the problem that 
the fuel in the high pressure fuel system cannot be dis- 
charged with good efficiency. 



[0006] Furthemnore, with the conventional method, 
when the open/close valve Is opened so that the fuel is 
returned directly to the fuel tank from the high pressure 
fuel system, then since pressure adjustment in the high 
pressure fuel system is not carried out at all, the fuel 
pressure changes so that the injection quantity be- 
comes unstable, with the problem that controllability of 
the air/fuel ratio at the time of start up is compromised. 

SUMMARY OF THE INVENTION 

[0007] The present invention takes into consideration 
the above problems, with the object of being able to ef- 
ficiently discharge the fuel in the high pressure fuel sys- 
tem. 

[0008] Moreover it is an object of the invention to be 
able to stabilize the fuel injection quantity at the time of 
start up while carrying out discharge of vapor in the high 
pressure fuel system. 

[0009] In order to achieve the above objects, the fuel 
supply apparatus for a direct injection gasoline internal 
combustion engine according to the present invention 
comprises: a fuel injection valve for injecting fuel directly 
into a combustion chamber of an engine, a high pres- 
sure fuel pump for supplying fuel to the fuel injection 
valve, a low pressure fuel pump for supplying fuel to the 
high pressure fuel pump, a low pressure pressure reg- 
ulator for adjusting the pressure in a low pressure fuel 
system between the low pressure fuel pump and the 
high pressure fuel pump to a predetemnined low pres- 
sure, and a high pressure pressure regulator for adjust- 
ing the pressure in a high pressure fuel system down- 
stream of the high pressure fuel pump to a predeter- 
mined high pressure. Moreover there is provided a va- 
por management device for stopping, at the time of en- 
gine start up, a pressure adjustment function of the low 
pressure pressure regulator, and returning fuel from the 
high pressure fuel system directly to a fuel tank. 
[001 0] With such a construction, by stopping the pres- 
sure adjustment function of the low pressure pressure 
regulator at the time of engine start up, the fuel is no 
longer returned to the fuel tank from the low pressure 
pressure regulator, so that all of the fuel pumped from 
the low pressure fuel pump Is supplied to the high pres- 
sure fuel pump. Moreover, the fuel in the high pressure 
fuel system is returned directly to the fuel tank, and 
hence the vapor produced while the engine is stopped 
is discharged together with fuel to the fuel tank. 
[0011] Here the vapor management device may stop 
the pressure adjustment function of the low pressure 
pressure regulator, and return the fuel from the high 
pressure fuel system directly to the fuel tank, over a time 
from when a start switch is switched on until lapse of a 
predetermined time. 

[0012] With such a construction, then during the pre- 
detemnined time from when the start switch is switched 
on, the pressure adjustment by the low pressure pres- 
sure regulator is stopped, and vapor discharge is carried 
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out by returning the fuel directly to the fuel tank from the 
high pressure fuel system. Then after the predetemriined 
time has elapsed, the pressure of the low pressure fuel 
system is adjusted by the low pressure pressure regu- 
lator, and only fuel which becomes surplus as a result 5 
of the pressure adjustment by the high pressure pres- 
sure regulator, is returned to the fuel tank from the high 
pressure fuel system. 

[0013] Moreover, the construction may be such that 
the vapor management device comprises: a vapor man- 
agement valve for selectively opening a path for return- 
ing fuel directly to the fuel tank from the high pressure 
fuel system, a cutoff valve for selectively cutting off the 
inflow of fuel to the low pressure pressure regulator, and 
a valve control device for opening the vapor manage- 
ment valve, and closing the cutoff valve at the time of 
engine start up. 

[001 4] With such a construction, when the cutoff valve 
is closed, the inflow of fuel to the low pressure pressure 
regulator is cut off so that the pressure adjustment func- 
tion of the low pressure pressure regulator is stopped. 
Moreover, when the vapor management valve is 
opened, the path for returning the fuel in the high pres- 
sure fuel system directly to the fuel tank is opened so 
that fuel in the high pressure fuel system returns to the 
fuel tank. 

[001 5] The construction may be such that in the case 
where the vapor management valve and the cutoff valve 
are provided, the vapor management valve is a nonnally 
closed type valve and the cutoff valve is a nonnally open 
type valve. 

[0016] With such a construction the pressure of the 
low pressure fuel system and the high pressure fuel sys- 
tem is normally adjusted in a non powered condition of 
the respective valves. Hence there is no loss of pressure 
adjustment due to a disconnection or the like in the pow- 
er supply circuit. 

[001 7] Moreover, the fuel supply apparatus for a direct 
injection gasoline intemal combustion engine according 
to another aspect of the present invention comprises: a 
fuel injection valve for injecting fuel directly into a com- 
bustion chamber of an engine, a high pressure fuel 
pump for supplying fuel to the fuel injection valve, a low 
pressure fuel pump for supplying fuel to the high pres- 
sure fuel pump, a low pressure pressure regulator for 
adjusting the pressure in a low pressure fuel system be- 
tween the tow pressure fuel pump and the high pressure 
fuel pump to a predetemriined low pressure, and a high 
pressure pressure regulator for adjusting the pressure 
In a high pressure fuel system downstream of the high 
pressure fuel pump to a predetermined high pressure. 
Moreoverthere Is provided a low pressure management 
device for stopping, at the time of engine start up, the 
pressure adjustment of the low pressure fuel system by 
the low pressure pressure regulator, and carrying out 
the pressure adjustment of the high pressure fuel sys- 
tem by the low pressure pressure regulator. 
[0018] With such a construction, since at the time of 



engine start up, the pressure adjustment of the low pres- 
sure fuel system by the low pressure pressure regulator 
is stopped, fuel is not returned to the fuel tank from the 
low pressure fuel system, so that all of the fuel pumped 
from the low pressure fuel pump is supplied to the high 
pressure fuel pump. Moreover, by adjusting the pres- 
sure in the high pressure fuel system by the low pres- 
sure pressure regulator, then the fuel quantity returning 
to the fuel tank from the high pressure fuel system is 
greater than when adjusted by the high pressure pres- 
sure regulator. The vapor generated while the engine is 
stopped is thus discharged, and the pressure of the high 
pressure fuel system is adjusted to a set pressure of the 
low pressure pressure regulator. 
[0019] Here the low pressure management device 
may stop the pressure adjustment of the low pressure 
fuel system by the low pressure pressure regulator and 
cany out the pressure adjustment of the high pressure 
fuel system by the low pressure pressure regulator, over 
a time from when a start switch is switched on until lapse 
of a predetermined time. 

[0020] With such a construction, then during the pre- 
detemriined time from when the start switch is switched 
on, the low pressure pressure regulator adjusts the 
pressure of the high pressure fuel system rather than 
that of the low pressure fuel system. Then after the pre- 
detennined time has elapsed, conditions return to nor- 
mal with the low pressure pressure regulator adjusting 
the pressure of the low pressure fuel system, and the 
high pressure pressure regulator adjusting the pressure 
of the high pressure fuel system. 
[0021] Moreover the construction may be such that 
the low pressure management device comprises: a low 
pressure switching valve for selectively opening a path 
which supplies fuel in the high pressure fuel system as 
fuel used in pressure adjustment to the low pressure 
pressure regulator, a cutoff valve for selectively cutting 
off the Inflow of fuel from the low pressure fuel system 
to the low pressure pressure regulator, and a valve con- 
trol device for opening the low pressure switching valve 
and closing the cutoff valve at the time of engine start up. 
[0022] With such a construction, when the cutoff valve 
is closed, the inflow of fuel from the low pressure fuel 
system to the low pressure pressure regulator Is cut off. 
Hence, as a result of pressure adjustment of the low 
pressure fuel system, the fuel in the low pressure sys- 
tem is not returned to the fuel tank. Furthennore, when 
the low pressure switching valve is opened, the fuel in 
the high pressure fuel system is supplied to the low pres- 
sure pressure regulator. Hence the pressure of the high 
pressure fuel system is adjusted by the low pressure 
pressure regulator, and surplus fuel for adjusting the 
pressure of the high pressure fuel system to the set 
pressure of the low pressure pressure regulator is re- 
turned from the high pressure fuel system to the fuel 
tank. 

[0023] The construction may be such that in the case 
where the low pressure switching valve and cutoff valve 
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are provided, the low pressure switching valve is a nor- 
mally closed type valve, and the cutoff valve is a nor- 
mally open type valve. 

[0024] With such a construction the pressure of the 
low pressure, fuel system and the high pressure fuel 
system is nomnally adjusted in a non powered condition 
of the respective valves. Hence there is no loss of pres- 
sure adjustment due to a disconnection or the like in the 
power supply circuit, 

[0025] Other objects and aspects of the present in- 
vention will become apparent from the following descrip- 
tion of embodiments, given in conjunction with the ap- 
pended drawings. 

BRIEF EXPLANATION OF THE DRAWINGS 
[0026] 

FIG. 1 is a system configuration diagram of a fuel 
supply apparatus according to a first embodiment; 
FIG. 2 is a flow chart illustrating an aspect of the 
control of the fuel supply system of the first embod- 
iment; 

FIG. 3 is a system configuration diagram of a fuel 
supply apparatus according to a second embodi- 
ment; and 

FIG. 4 is a is a flow chart illustrating an aspect of 
the control of the fuel supply system of the second 
embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] As follows is a description of embodiments of 
the present invention. 

[0028] FIG. 1 is a system configuration diagram show- 
ing a fuel supply apparatus for a direct injection gasoline 
internal combustion engine, according to a first embod- 
iment. 

[0029] In FIG. 1, fuel injection vatves 1 are provided 
facing the combustion chambers of respective cylinders 
of a direct injection gasoline internal combustion engine 
(not shown in the figure), for injecting fuel directly into 
the combustion chamber. 

[0030] Fuel is distributed and supplied to the respec- 
tive fuel injection valves 1 from a common rail 2 via dis- 
tribution pipes 3. The fuel is supplied under pressure to 
the common rail 2 from an engine driven high pressure 
fuel pump 4. 

[0031] A high pressure pressure regulators is provid- 
ed downstream of the common rail 2, for adjusting the 
fuel pressure in a high pressure fuel system between 
the high pressure fuel pump 4 and the high pressure 
pressure regulators, to a predetermined high pressure. 
The high pressure pressure regulator S adjusts the ac- 
tual fuel pressure to a predetemriined high pressure by 
retuming the fuel in the high pressure fuel system to the 
intake side of the high pressure fuel pump 4 when the 



actual fuel pressure is higher than the predetemriined 
high pressure. 

[0032] On the supply side, fuel which is drawn up from 
a fuel tank 7 by means of a low pressure electric fuel 

5 pump 6 is adjusted to a predetemiined low pressure by 
means of a low pressure pressure regulator 8 and then 
supplied to the high pressure fuel pump 4. 
[0033] The low pressure pressure regulator 8 adjusts 
the actual fuel pressure to a predetenmined low pressure 

10 by returning the fuel in a low pressure fuel system be- 
tween the low pressure fuel pump 6 and the high pres- 
sure fuel pump 4 to the fuel tank 7 via a retum path 9, 
when the pressure of the fuel supplied to the high pres- 
sure fuel pump 4 is higher than the predetemriined low 

^5 pressure. 

[0034] Moreover, as a characteristic construction, a 
cutoff valve 10 is disposed in a path for introducing fuel 
to the low pressure pressure regulator 8 from the low 
pressure fuel system between the low pressure fuel 

20 pump 6 and the high pressure fuel pump 4. Furthermore, 
a vapor management valve 1 2 is disposed in a branch 
path 11 communicating with the return path 9, which 
branches from a branch point downstream of the fuel 
injection valves 1 and upstream of the high pressure 

25 pressure regulator 5. 

[0035] The cutoff valve 10 and the vapor manage- 
ment valve 1 2 are both solenoid valves. The cutoff valve 
10 is a nonmally open type valve while the vapor man- 
agement valve 1 2 is a nomnally closed type valve. These 

30 vatves 10,12 are selectively opened and closed by elec- 
trical control of a control unit 13 incorporating a micro- 
computer. 

[0036] A signal from a start switch 14 is input to the 
control unit 13 which serves as a valve control device, 

35 controlling the cutoff valve 10 to close and the vapor 
management valve 12 to open, during a predetermined 
time from switching on the start switch 14. 
[0037] Aspects of the valve control by the control unit 
13 are illustrated in the flow chart of FIG. 2. 

40 [0038] The routine shown in the flow chart of FIG. 2 
is interruptingly executed when the start switch 14 is 
switched on. At first, in step 1 , the cutoff valve 1 0 is con- 
trolled to close and the vapor management valve 12 is 
controlled to open. 

45 [0039] Then in step 2, it is judged if a predetermined 
time has elapsed from switching on the start switch 14. 
Control waits until the predetemiined time has elapsed. 
[0040] When the predetermined time has elapsed, 
control proceeds to step 3 where the cutoff valve 10 is 

50 controlled to open, and the vapor management valve 12 
is controlled to close, thus returning to the condition 
where the fuel pressure is normally adjusted by the re- 
spective pressure regulators 5 and 8, and the routine is 
then temriinated. 

55 [0041 ] When the cutoff valve 1 0 is controlled to close, 
all of the fuel pumped from the low pressure fuel pump 
6 is supplied to the high pressure fuel pump 4. Further- 
more, when the vapor management valve 1 2 is control- 
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led to open, the function of adjusting the high pressure 
fuel system to a predetermined high pressure by means 
of the high pressure pressure regulators is deactivated, 
so that fuel inside the high pressure fuel system is dis- 
charged to the fuel tank 7, and the air and fuel vapor 
Included in the high pressure fuel system are discharged 
together with the fuel to the fuel tank (vapor manage- 
ment device). 

[0042] When the cutoff valve 1 0 is not provided, then 
of the fuel which is pumped from the low pressure fuel 
pump 6 the surplus portion when the low pressure fuel 
system is adjusted to the predetermined low pressure, 
is returned to the fuel tank by means of the low pressure 
pressure regulators, via the return path 9. Therefore the 
fuel returned to the fuel tank from the low pressure pres- 
sure regulator 8 does not contribute to the expulsion of 
fuel in the high pressure fuel system. 
[0043] In contrast to this, If as with the first embodi- 
ment, the pressure adjustment function by the low pres- 
sure pressure regulator 8 Is stopped by the cutoff valve 
10, then all of the fuel pumped from the low pressure 
fuel pump 6 can be used for expulsion of the fuel in the 
high pressure fuel system. The fuel which has remained 
in the high pressure fuel system can thus be expelled in 
the short time immediately after start up and control then 
moved to normal control conditions (cutoff valve 10 
open and vapor management valve 12 closed). 
[0044] In FIG. 1 , and in FIG. 3 to be described here- 
under, the flow of the fuel at normal times is indicated 
by full line arrows, while the flow of fuel when discharge 
of fuel from the high pressure fuel system is being car- 
ried out at the time of start up is indicated by dotted line 
arrows. 

[0045] FIG. 3 is a system configuration diagram of a 
second embodiment. Components the same as in FiG. 
1 are indicated by the same symbols and description is 
omitted. 

[0046] With the second embodiment shown in FIG. 3, 
a branch path 21 branching from a branch point down- 
stream of fuel injection valves 1 and upstream of a high 
pressure pressure regulator 5, is connected to the pres- 
sure introducing side of a low pressure pressure regu- 
lator 8. A nomnally closed type low pressure switching 
valve 22 is disposed in the branch path 21 . 
[0047] A control unit 13 which serves as a valve con- 
trol device, controls a cutoff valve 10 to close and con- 
trols the low pressure switching valve 22 to open, during 
a predetermined time from switching on a start switch 
14. 

[0048] Aspects of the valve control by the control unit 
13 are illustrated in the flow chart of FIG. 4. 
[0049] The routine shown in the flow chart of FIG. 4 
is inten'uptingly executed when the start switch 1 4 is 
switched on. At first, in step 11, the cutoff valve 10 is 
controlled to close and the low pressure switching valve 
22 is controlled to open. 

[0050] Then in step 1 2, it is judged if a predetemriined 
time has elapsed from switching on the start switch 14. 



Control waits until the predetemriined time has elapsed. 
[0051] When the predetennined time has elapsed, 
control proceeds to step 1 3 where the cutoff valve 1 0 is 
controlled to open, and the low pressure switching valve 
5 22 is controlled to close, thus retuming to the condition 
where the fuel pressure is normally adjusted by the re- 
spective pressure regulators 5 and 8, and the routine is 
then terminated. 

[0052] When the cutoff valve 1 0 is controlled to close, 
10 all of the fuel pumped from the low pressure fuel pump 
6 is supplied to the high pressure fuel pump 4. Further- 
more, when the low pressure switching valve 22 is con- 
trolled to open, this results in adjustment of the pressure 
of the high pressure fuel system to a predetennined low 
15 pressure by means of the low pressure pressure regu- 
lator 8 (low pressure management device). 
[0053] Consequently, as with the first embodiment, 
when expulsion of the fuel accumulated in the high pres- 
sure fuel system is carried out, it is possible to avoid the 
20 occurrence of fuel being returned to the fuel tank before 
being supplied to the high pressure fuel pump 4. More- 
over, by adjusting the pressure of the high pressure fuel 
system using the low pressure pressure regulator 8, 
then the amount of fuel returned to the fuel tank from 
25 the high pressure fuel system can be kept large, thus 
enabling positive discharge of fuel remaining in the high 
pressure fuel system. Furthemaore, the pressure of the 
fuel in the high pressure fuel system is kept stable at a 
predetennined low pressure and hence the quantity of 
30 the fuel injected by the fuel injection valves 1 can be 
controlled with good accuracy. 

Claims 

35 

1 . A fuel supply apparatus for a direct injection gaso- 
line internal combustion engine, said apparatus 
comprising: 



40 a fuel injection valve (1 ) for injecting fuel directly 

into a combustion chamber of an engine, 
a high pressure fuel pump (4) for supplying fuel 
to said fuel injection valve, (1) 
a low pressure fuel pump (6) for supplying fuel 

45 to said high pressure fuel pump, (4) 

a low pressure pressure regulator (8) for adjust- 
ing the pressure in a low pressure fuel system 
between said low pressure fuel pump (6) and 
said high pressure fuel pump (4) to a predeter- 

50 mined low pressure, and 

a high pressure pressure regulator (5) for ad- 
justing the pressure in a high pressure fuel sys- 
tem downstream of said high pressure fuel 
pump (4) to a predetermined high pressure. 



55 



characterized in that there is provided vapor man- 
agement means for stopping, at the time of engine 
start up, a pressure adjustment function of said low 
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pressure pressure regulator, (8) and returning fuel 
from said high pressure fuel system directly to a fuel 
tank (7). 

2. A fuel supply apparatus for a direct injection gaso- 
line internal combustion engine according to claim 
1 , wherein said vapor management means stops 
the pressure adjustment function of said low pres- 
sure pressure regulator (8) and returns the fuel from 
said high pressure fuel system directly to the fuel 
tank, (7) over a time from when a start switch is 
switched on until lapse of a predetemnined time. 

3. A fuel supply apparatus for a direct injection gaso- 
line internal combustion engine according to claim 
1 , wherein said vapor management means com- 
prises: a vapor management valve (12) for selec- 
tively opening a path for returning fuel directly to the 
fuel tank (7) from said high pressure fuel system, 

a cutoff valve (10) for selectively cutting off the 
inflow of fuel to said low pressure pressure reg- 
ulator (8), 

and valve control means (13) for opening said 
vapor management valve, (1 2) and closing said 
cutoff valve (10) at the time of engine start up. 

4. A fuel supply apparatus for a direct injection gaso- 
line internal combustion engine according to claim 
3, wherein said vapor management valve (12) is a 
nomnally closed type valve and said cutoff valve (1 0) 
is a nonnalty open type valve. 

5. A fuel supply apparatus for a direct injection gaso- 
line internal combustion engine, said apparatus 
comprising: 



justment of said high pressure fuel system by said 
low pressure pressure regulator. (8) 

6. A fuel supply apparatus for a direct injection gaso- 
5 line internal combustion engine according to claim 
5, wherein said low pressure management means 
stops the pressure adjustment of said low pressure 
fuel system by said low pressure pressure regulator 
(8) and can-ies out the pressure adjustment of said 
^0 high pressure fuel system by said low pressure 
pressure regulator, (8) over a time from when a start 
switch is switched on until lapse of a predetemriined 
time. 

15 7. A fuel supply apparatus for a direct injection gaso- 
line intemal combustion engine according to claim 
5, wherein said low pressure management means 
comprises: 



20 a low pressure switching valve (22) for selec- 

tively opening a path which supplies fuel in said 
high pressure fuel system as fuel used in pres- 
sure adjustment to said low pressure pressure 
regulator, (8) 

25 a cutoff valve (1 0) for selectively cutting off the 

inflow of fuel from said low pressure fuel system 
to said low pressure pressure regulator, (8) and 
valve control means (13) for opening said low 
pressure switching valve (22) and closing said 

30 cutoff valve (10) at the time of engine start up. 

8. A fuel supply apparatus for a direct injection gaso- 
line intemal combustion engine according to claim 
7, wherein said low pressure switching valve (22) is 
35 a nomnally closed type valve, and said cutoff valve 
(10) is a nonnally open type valve. 



a fuel injection valve (1 ) for injecting fuel directly 
into a combustion chamber of an engine, 
a high pressure fuel pump (4) for supplying fuel 40 
to said fuel injection valve, 1 . 

a low pressure fuel pump (6) for supplying fuel 
to said high pressure fuel pump, (4) 
a low pressure pressure regulator (8) for adjust- 
ing the pressure in a low pressure fuel system 
between said low pressure fuel pump (6) and 
said high pressure fuel pump (4) to a predeter- 
mined low pressure, and 
a high pressure pressure regulator (5) for ad- 
justing the pressure in a high pressure fuel sys- 50 
tem downstream of said high pressure fuel 
pump (4) to a predetermined high pressure, 

characterized in that there is provided low pres- 
sure management means for stopping, at the time 55 
of engine start up, the pressure adjustment of said 
low pressure fuel system by said low pressure pres- 
sure regulator, (8) and carrying out the pressure ad- 



Patentanspriiche 



Eine Kraftstoffzufuhrvon-ichtung fiir einen Verbren- 
nungsmotor mit Benzindirekteinspritzung, wobei 
die Vorrichtung folgende Merkmale aufweist: 

ein Kraftstoffeinspritzventil (1) zum Einspritzen 
von Kraftstoff direkt in eine Verbrennungskam- 
mer eines Motors, 

eine Hochdruckkraftstoffpumpe (4) zum Zufiih- 
ren von Kraftstoff zu dem Kraftstoffeinspritz- 
ventil (1), 

eine Niederdruckkraftstoffpumpe (6) zum Zu- 
fuhren von Kraftstoff zu der Hochdruckkraft- 
stoffpumpe (4), 

einen Niederdruck-Druckregler (8) zum Ein- 
stellen des Drucks in einem Niederdruckkraft- 
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die Vorrichtung folgende Merkmale aufweist: 

ein Kraftstoffeinsprrtzventil (1 ) zum Einspritzen 
von Kraftstoff direkt in eine Verbrennungslcann- 
5 mer eines Motors, 

eine Hochdruckkraftstoffpumpe (4) zum Zufiih- 
ren von Kraftstoff zu dem Kraftstoff einspritz- 
ventil, 

10 

eine Niederdruckkraftstoffpumpe (6) zum Zu- 
fiihren von Kraftstoff zu der Hochdruckkraft- 
stoffpumpe (4), 

^5 einen Niederdruck-Druckregler (8) zum Ein- 

stellen des Drucks in einem Niederdruckkraft- 
stoffsystem zwischen der Niederdruckkraft- 
stoffpumpe (6) und der Hochdruckkraftstoff- 
pumpe (4) auf einen vorbestimmten niedrigen 

20 Druck, und 

einen Hochdruck-Druckregler (5) zum Einstel- 
len des Drucks in einem Hochdruckkraftstoff sy- 
stem, das der Hochdruckkraftstoffpumpe (4) 
25 nachgelagert ist, auf einen vorbestimmten ho- 

hen Druck, 

dadurch gekennzeichnet, daB eine Niederdruck- 
handhabungseinrichtung zum Anhalten, zum Zeit- 

30 punktdes Ingangsetzens des Motors, derDruckeln- 
stellung des Niederdruckkraftstoffsystems durch 
den Niederdruck-Druckregler (8) und Durchfiihren 
der Druckelnstellung des Hochdruckkraftstoff sy- 
stems durch den Niederdruck-Druckregler (8) vor- 

35 gesehen ist. 

6. Eine Kraftstoffzufuhrvonrichtung fur einen Verbren- 
nungsmotor mit Benzlndirekteinspritzung gemaB 
Anspruch 5, bei der die Nlederdruckhandhabungs- 

40 einrichtung die Druckeinstellung des Niederdruck- 
kraftstoffsystems durch den Niederdruck-Druckreg- 
ler (8) anhalt und die Druckeinstellung des Hoch- 
druckkraftstoff systems durch den Niederdruck- 
Druckregler (8) iiber einen Zeitraum ab dem Ein- 

45 schaiten eines Ingangsetzungsschalters, bis eine 
vorbestimmte Zeit verstrichen ist, durchfuhrt. 



stoffsystem zwischen der Niederdnjckkraft- 
stoffpumpe (6) und der Hochdruckkraftstoff- 
pumpe (4) auf einen vorbestimmten niedrigen 
Druck, und 

einen Hochdruck-Druckregler (5) zum Einstel- 
len des Drucks In einem Hochdruckkraftstoffsy- 
stem, das der Hochdruckkraftstoffpumpe (4) 
nachgelagert ist, auf einen vorbestimmten ho- 
hen Druck, 

dadurch gekennzeichnet, daB eine Dampfhand- 
habungseinrichtung zum Anhalten, zum Zeitpunkt 
des Ingangsetzens des Motors, einer Druckeinstel- 
lungsfunktion des Niederdruck-Druckreglers (8) 
und zum Zuriickleiten von Kraftstoff von dem Hoch- 
druckkraftstoffsystem direkt zu einem Kraftstofftank 
(7) vorgesehen ist. 

2. Eine Kraftstoffzufuhn/orrichtung fur einen Verbren- 
nungsmotor mit Benzlndirekteinspritzung gemaB 
Anspruch 1 , bei derdie Dampfhandhabungseinrich- 
tung die Druckeinstellungsfunktion des Nieder- 
druck-Druckreglers (8) anhatt und den Kraftstoff 
von dem Hochdruckkraftstoffsystem uber einen 
Zeitraum ab dem Einschalten eines Ingangset- 
zungsschalters, bis eine vorbestimmte Zeit verstri- 
chen ist, direkt an den Kraftstofftank (7) zuriicklei- 
tet. 

3. Eine Kraftstoffzufuhrvorrichtung fiir einen Verbren- 
nungsmotor mit Benzlndirekteinspritzung gemaB 
Anspruch 1 , bei derdie Dampfhandhabungseinrich- 
tung folgende Merkmale aufweist: 

ein Dampfhandhabungsventil (12) zum selekti- 
ven Offnen eines Wegs zum Zuriickleiten von 
Kraftstoff direkt zu dem Kraftstofftank (7) von 
dem Hochdruckkraftstoffsystem, 

ein Sperrventil (10) zum selektiven Absperren 
des Zuflusses von Kraftstoff zu dem Nieder- 
druck-Druckregler (8), und 

eine Ventilsteuereinrichtung (13) zum Offnen 
des Dampfhandhabungsventils (12) und 
SchlieBen des Sperrventiis (10) zum Zeitpunkt 
des Ingangsetzens des Motors. 

4. Eine Kraftstoffzufuhrvorrichtung fiir einen Verbren- 
nungsmotor mit Benzlndirekteinspritzung gemaB 
Anspruch 3, bei der das Dampfhandhabungsventil 
(12) ein Ventil eines nomnalerweise geschlossenen 
Typs und das Sperrventil (10) ein Ventil eines nor- 
malerweise offenen Typs ist. 

5. Eine Kraftstoffzufuhrvorrichtung fiir einen Verbren- 
nungsmotor mit Benzlndirekteinspritzung, wobei 



7. Eine Kraftstoffzufuhrvomchtung fiir einen Verbren- 
nungsmotor mit Benzlndirekteinspritzung gemaB 
50 Anspruch 5, bei dem die Niederdruckhandhabungs- 
einrichtung folgende Merkmale aufweist: 



ein NIederdruckumschaltventil (22) zum selek- 
tiven Offnen eines Wegs, der einen Kraftstoff in 
55 dem Hochdruckkraftstoffsystem dem Nieder- 

druck-Druckregler (8) als einen bei einer Druck- 
elnstellung venvendeten Kraftstoff zufuhrt, 
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ein Sperrventil (1 0) zum selektiven Absperren 
des Zuflusses von Kraftstoff von dem Nieder- 
druckkraftstoff system zu dem Niederdruck- 
Druckregler (8), und 

eine Ventilsteuereinrichtung (13) zum Offnen 
des Niederdruckumschaltventils (22) und 
SchlieRen des Sperrventils (1 0) zum Zeitpunkt 
des Ingangsetzens des Motors. 

8. Eine Kraftstoffzufuhrvorrichtung fur ein en Verbren- 
nungsmotor mit Benzindirekteinspritzung gemaB 
Anspruch 7, bei derdas Niederdruckumschaltventil 
(22) ein Ventil eines nonnalerweise geschlossenen 
Typs und das Sperrventil (10) ein Ventil eines nor- 
malerweise offenen Typs ist. 



Revendications 

1. Appareil d'alimentation en carburant pour un mo- 
teur & combustion interne k essence injection di- 
recte, ledit appareil comprenant : 

une valve d'injection de carburant (1) pour in- 
jecter du carburant directement dans une 
chambre de combustion d'un moteur, 
une pompe ^ carburant ^ haute pression (4) 
pour fournir du carburant k ladite valve d'injec- 
tion de carburant (1), 

une pompe ^ carburant k basse pression (6) 
pour fournir du carburant k ladite pompe k car- 
burant k haute pression (4), 
un r6gutateur de pression k basse pression (8) 
pour ajuster la pression dans un systdme de 
carburant k basse pression entre ladite pompe 
k carburant k basse pression (6) et ladite pom- 
pe 6 carburant k haute pression (4) 6 une basse 
pression pr6d6tennin6e, et 
un r^gulateur de pression k haute pression (5) 
pour ajuster la pression dans un systfeme de 
carburant k haute pression en aval de ladite 
pompe k carburant k haute pression (4) 6 une 
haute pression pr6d6termin6e, 

caracterise en ce qu'il est pr6vu des moyens de 
gestton de vapeur pour . arr6ter, au moment du d6- 
man'age du moteur, une fonction d'ajustement de 
pression dudit r6gulateur de pression k basse pres- 
sion (8) et renvoyer le carburant depuis ledit systd- 
me de carburant k haute pression directement k un 
r6servolr de carburant (7). 

2. Appareil d'alimentation en carburant pour un mo- 
teur^ combustion interne k essence k injection di- 
recte, selon la revendication 1, dans lequel lesdits 
moyens de gestion de vapeur arrfitent la fonction 
d'ajustement de pression dudit r6gulateur de pres- 



sion k basse pression (8) et renvoient le carburant 
depuis ledit systdme de carburant k haute pression 
directement vers le r6servoir de carburant (7) pen- 
dant une dur6e k partir de I'enclenchement d'un 
5 commutateur de d6marrage jusqu'd 6coulement 
d'un temps pr6d6termin6. 

3. Appareil d'alimentation en carburant pour un mo- 
teur k combustion interne k essence k injection di- 

10 recte, selon la revendication 1 , dans lequel lesdits 
moyens de gestion de vapeur comprennent : 

une valve de gestion de vapeur (12) pour s^- 
lectivement ouvrir un trajet pour envoyer le car- 
15 burant directement au r^sen^oir de carburant 

(7) depuis ledit syst^me de carburant k haute 
pression, 

une valve de coupure (1 0) pour couper s6lec- 
tivement I'an^iv^e de carburant vers ledit r6gu- 
20 lateur de pression k basse pression (8), et 

des moyens de commande de valve (1 8) pour 
ouvrir ladite valve de gestion de vapeur (12) et 
femner ladite valve de coupure (1 0) au moment 
du demarrage du moteur. 

25 

4. Appareil d'alimentation en carburant pour un mo- 
teur k combustion interne k essence k injection di- 
recte, selon la revendication 3, dans lequel ladite 
valve de gestion de vapeur (12) est une valve du 

30 type normalement ferme, et ladite valve de coupure 
(10) est une valve du type nomnalement ouvert. 

5. Appareil d'alimentation en carburant pour un mo- 
teur a combustion interne k essence a injection di- 
ss recte, ledit appareil comprenant : 

une valve d'injection de carburant (1 ) pour in- 
jector du carburant directement dans une 
chambre de combustion d'un moteur, 
40 - une pompe k carburant k haute pression (4) 
pour fournir du carburant k ladite valve d'injec- 
tion de carburant, 

une pompe k carburant k haute pression (4) 
une pompe k carburant k basse pression (6) 

45 pour fournir du carburant k ladite pompe k car- 

burant k haute pression (4), 
un rSgulateur de pression k basse pression (8) 
pour ajuster la pression dans un syst6me de 
carburant k basse pression entre ladite pompe 

50 k carburant k basse pression (6) et ladite pom- 

pe k carburant k haute pression (4) k une basse 
pression pr6d6termin6e, et 
un r^gulateur de pression k haute pression (5) 
pour ajuster la pression dans un syst&me de 

55 carburant k haute pression en aval de ladite 

pompe k carburant k haute pression (4) k une 
haute pression pr6d6termin6e, 
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caract'ris ' n ce qu'il est pr^vu des moyens de 
gestion de basse pression pourarrdter, au moment 
du d^marrage du moteur, Tajustement de pression 
dudit systeme de carburant k basse pression par 
I edit r6gulateur de pression k basse pression (8) et 5 
eff ectuer I'ajustement de pression dudit systfeme de 
carburant k haute pression par ledit r^gulateur de 
pression k basse pression (8). 

6. Appareil d'alimentation en carburant pour un mo- io 
teur k combustion interne k essence k injection di- 
recte, selon la revendication 5, dans iequel lesdits 
moyens de gestion de basse pression arretent 
I'ajustement de pression dudit systdme de carbu- 
rant k basse pression par ledit r^gulateur de pres- 15 
slonk basse pression (8) et effectuent I'ajustement 

de pression dudit systdme de carburant k haute 
pression par ledit r6gulateur de pression k basse 
pression (8) pendant une dur6e k partir de I'enclen- 
chement d'un commutateur de demarrage jusqu'& 20 
ecoulement d'un temps pred6temnin6. 

7. Appareil d'alimentation en carburant pour un mo- 
teur a combustion interne a essence k injection di- 
recte, selon la revendication 5, dans Iequel lesdits 25 
moyens de gestion de basse pression 
comprennent : 

une valve de commutation de basse pression 
(22) pour selectivement ouvrir un trajet qui ati- 30 
mente du carburant dans ledit systfeme de car- 
burant k haute pression k titre de carburant uti- 
lise dans I'ajustement de pression vers ledit r^- 
gulateur de pression k basse pression (8), 
une valve de coupure (1 0) pour s6Iectivement 35 
couper I'arriv^e de carburant depuis ledit sys- 
teme de carburant k basse pression vers ledit 
r^gulateurde pression k basse pression (8), et 
des moyens de commande de valve (13) pour 
ouvrir ladite valve de commutation de basse 40 
pression (22) et pour femrier ladite valve de cou- 
pure (1 0) au moment du d6marrage du moteur. 

8. Appareil d'alimentation en carburant pour un mo- 
teur k combustion interne k essence k injection di- 
recte, selon la revendication 7, dans Iequel ladite 
valve de commutation de basse pression (22) est 
une valve du type normalement ferm6, et ladite val- 
ve de coupure (10) est une valve du type normale- 
ment ouvert. 50 
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